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(54) HIGH STRENGTH COLO ROLLED STEEL SHEET HAVING HIGH DYMAMIG DEFORMATION 
RESISTANCE AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the impact energy absorption power of a steel sheet by allowing, 
the average v-alua of the deformation stress in the case deformation k> .generated in a specified strain rate.- 
range after the application of \predefonria"tion i.h a specified range of equivalent strain to a steel having a. 
specified oompsn. 

SOLUTION: The miorostructure of a steal sheet contg, O, Si, A!> Mn, HI Gr : Ou and Mo b composite one 
contg\ femte and bainite, in which either of them is used as the main phase and the third phase contg. ,>3 
vol% retained aust@n&& Furthermore; the average value o dyn CMPa) of the formation stress in the 
-equivalent strain range of 3 to 10% in the ease deformation is generated In the strain rate range of 5 x 102 
to 5 x 103 (s/s) after the applieation of predeform^tien of >0 to 10% at equivalent strain to this steel sheet 
satisfies the inequality of odyn>0.7m> X TS*2SQ' expressed by the maximum stress TS (MPa) In a dynamic 
tension test measured the strain rate of 5 x 10 -4 to 5 X 1 0 3 £!/$■> before the application of the 
predeforrnation. 
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(57) [flit; 3 

[S¥i£#a3 C, Mn, Ni, Cr, Cu, Mo, S 
i , A 1 m?>f&ft&Wtig.l>tiM<7) S ? nffl|§£ 7i7^f 

(Mn e q) l=±-3"r^-S.ffiM= (678-42SX 
CC] - 3 3 XM n e q ) ifil OJ2Lh2 5 0J2TPC* 

3—10 %(7)MWT%JE^ <7 d y n ( M P a ) j&WWSr 
ftAJCE^TS (MP a) ^ZX-oXWm^tl&Ho dy n 
> ( 0 . 766XTS + 250) £ i: 
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[||*IM1] mm%X\ C : 0. 0 4 96J2LLO. 3% 
JST, SitAl <7)-:Wct£3£fr£-£ftTO . 5%^ 
±3. 0%lilT. Mn, Ni, Cr, Cu, MoCOlffl 
4fct±2«lSUi*-&ffl-rO. 5%£J±3. 5%VX¥S 

%liLhOSS^--X^^^ h Sr#tf 35 3 ffl f: com^tm 
X'h <9 , S^-xft^ h C C ] fcdBfwT 

^Mnfl {Mneq=Mn + (Ni+Cr+Cu+M 
o)/2| tioTMSt (M=678-42SX 
CC ] - 3 3 XM n e q ) j&«7 OJ3Lh2 5 OJSITC, * 
WWHtfflSS^T 0%110 %aT« ; P3SB**i.fc 
i. 5 X 1 0 2 -5X 1 0 3 ( 1/s) wMassi 
LfcBfrtf) 3 — 10 %£0ffi SSatfgHtetsttS S5B 
(E7JO¥%ffi<? d y n ( M P a ) tff$B8& J 3-i.&1ft0> 
5X1 0-* — 5X lO- 3 ( 1/s ) os^^n-can 
SSiifcWWrgiSBOiiOifcfcfcitftJfcWEftTS (MP 
a ) tCj;^T*i|§fLS^cr dy n^o . 766XTS 

+ 250 £ £ t M**fc-$-a*v*tiW3SBJiafi; 

[If*II2] Nb, Ti , V<*>l«Xfi2»l2U:£-& 
ff"C0 . 3nM%EkTmzlsts £ t t--g.it ^il 

[ff*lR3] P£0. 2fi«%JaTEt*t»ii:*W 

fat t -r sbkss i * fctt 2 lea^ft v ifttt&gffi£L£3r 

[ Bf*3H 4 ] B $r 0 . 0 1 M*%J2lTJete#tf £ fc £ 

«« t -r ^if^n i - 3 w v$yi*» i iitcistg<7)« v ■>» 
i msm 5] o%gio «jar<^Hss* -^-ifcftco 

SS^dOBffi^-^-r+^f h tHfcfr**) Jt# 0 . 3 JJLh 
Tft 4 i i: * WB i: -T 4 If *H I -Acta l iftc 

[ ft*il 6 ] ftfttttcft #^£JK3®i«f5 5 ? Q« 

7niL<(iMt^b co 3 F:%afi<oJti&* 0 . 6 tlT 
X'h h £ t t -T -i. ffsRJB 1 — 5 O v v$*fu&» 1 lit 

[it*H7] C : 0. 0 4%a±0. 3% 

ar. sikAi (v-jj±tzi±Mjj$:-&^x'o . 5%a 

±3. 0%iilT, Mn, Ni, Cr, Cu, Moc^lS 

ttzii2mxti^mx'o . 5%S3±3. 5%mr^ 

. F e <^6^M»> =5: & £§iix 5 7" 
* , «3t 4 4 TtUgXS^ittiM L , L < ti— M?^iH L 



0. lX(Ac 3 -Ac, ) +Aci "CVJ.±A 
c 3 + 5 0 iCETRoaflTC 1 0 #~ 3 4M8#fi L fcftfc: , 

1 — 10 °C/#-cO— J^J^JnaST" 5 5 0 — 7 00 °C<7)|e 

H^iWfrawjLiiaa-cfcSJU ^ise^T 1 0-2 

0 0^C/#^^aiiS«T-2 0 0 — 32 0°CC9^&i£ 

an? itias 4 T-^ai L^f*. 250-500 *c wissis 

HT" 1 5 f£- 2 0 L, Ttitmt &ZtZ%f 

tL, #cW^T-3%ia±^S^-XT"+^ N£#tf 

i§ C C ] t lM«¥%Mnfi {Mneq = Mn + (N 
i+Cr + Cu+Mo)/2) tiot^iSIt (M = 
678-428X CC] - 33XMneq) *»7 0lil± 

2 5 o£rpc, -feMmzm^frx-oxM 1 o%jaT 

CO'f-^B^^-x.fz^. 5 X 1 0 2 — 5 X 1 0 3 ( 1/ 
s ) t0^itJ^lEH-C»L^B#^3- 1 0%com^M 
MlffliZtS nh^mmti^W-^iB. a d y n ( M P a ) *i 
f^iBi»5xlO- 4 -5xlO- 3 (1/s) 

ft^JCS^TS (MP a) ^iot^S^tiS^tfdy n 
50. 766XTS+250 SriSJ£-ri>]tv ^DS^ffM 

ItmmS] Nb, Ti , V«l«X{S2«Iil±Sr-^r 

itx- 0 . 3 *s%iarst#tf £ t Sr#mt -ttm^m 
mum. 

[fiw»S9] p^o. 2mm.%armizistszb^m 
cii^Ji 10] b * 0 . 0 1 mmxarmz^z t 

[0001] 
[0002] 

^m^m&m^i-Mm^mmmi->x\^ . eaj 
wwnttt - 1 x-mm<7)z.*)U3r-fmw.ztL. mmiz 

[00 03 ] §SW<?)fif§|lBft#aJfl[^ttSS3^)S 

^issii 1 0 3 ( 1 / s ) gs^ xm~thtztb. wwo 
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*x*/Wf- % C0 2 SW}fi!l**B»UTaiWt»*«) 

[0004] 0iJi.(i'*»BH*^«. CAMP - I S I J 
Vol. 9 (1996) P. 1112 — 1115 fc:, 

s%i3mMMcD-mm3mmvt t mm^>v^~m.mmiz 
%cr>*x\ i 03 < i/s ) mmcomm 
&m&mmx'comtmm±. 10-3 ( i/ s > ?>{&m& 
mmx'com&mm t jm lt ±% < ±#-r a <r t . tm 

ait. icotf-c, tri p (izimmmft) 

DP (7i5-f h/V/lfyt-f h 2ffi ) Mco£iIj&*fl!l<0 

[0005] £?z, s^-^ft^ h i^mmmm 

LxmS¥7- 1 8 3 7 2#£«fcli. «5KRJRfB£3E 

i k co J; 3 teWUM--** sWi^lfc: &#vc wfr^. 
[0006] 

[^Bj^s^Lctat^-siS®] isoctafc. isw« 

w^Wpffii^ l ^mm $ iioo ft a *> coo . «#x 
*/i^¥-i»Ka5fcftfut: smmm^mmub lx kco* 

o^mt^.tm^mz\i^n.x\^K ttz. smm 
mz&mmzMA.&£ti. mmcr>m$mmzwM-t?>. 

[0007] 

[iSS^M^-ra^feco^g] *«0J!tt. 7nyNf-j 

I. 

[0008] ( 1 ) SM%T\ C : 0 . 04 %!2Lh 0 . 

3%ar. sitAi to— 3r4fci4jR3r££ii-"C0 . 5 

%JiLh3. 0%JilT\ Mn, Ni, Cr, Cu, MoO 
l»*fcW:2BEU:££i|-C0. 5%Iil±3. 5%£JtT 



4+--f icOVvfft^+^fc U fleBBWC 

mvt> r ). sw-^ft^ n^cde^ cc] tfflwco 

^pi^M n^M { M n e q =M n + (Ni+Cr+Cu+ 
Mo)/2) t±otS4Stt(M=678-428X 
CC] -3 3xMne q) # 7 0 tLL 2 5 0 £ITX\ % 

(T)mmz^m.^x-o%mi oxiarerFsmtttti 

fi 5 X 1 0 2 -5X 1 0 3 ( 1 / s ) cOM^MJ^tSH 

JS^cOT^fficfdyn (MP a) tfi^m&*H-Z-hm<F> 
5X1 0-* — 5 X 10-3 ( i/ s ) (75^MS*eH'C , S!I 
Jg S #ifc»ftWr3 I3R "3 H*fc*s It 4 **JS* TS (MP 
a)CioT^S§flSSffdynS0. 7 66XTS 

+ 250 k iw^ti-h^mmmmm 

[0009] ( 2 ) N b , T i , VcO 1 «X{i2«J^Lh 

( i ) IE«coii;i«^ffiffi^^ai«^s^iH 

(3) P£0. 2fiS%irFS^ififc£#tStt-£ 
( 1 ) 4fc(± ( 2 ) IEttoflf^»fl^9K£!S*frrsSf 

( 4 ) B S 0 . 0 1 li%HTStttj; JtlW 
a ( 1 ) - ( 3 ) W$?u&»l t3Ea<0Sft*MW3BH6 
K£*rt* SBMBMEJWE. 

[0010] ( 5 ) 0 %m 1 0 %OTcO^B^4-x^ 

f^»as^r-^ft^ h tfcSMHsojfca* o . 3 m 
±T-fti»i t ^sMt-ra ( 1 ) - (4 ) <7)v^-m^i 

( 6 ) mkmz%^Ktzfmm<n 5 y umrn^^m 

L < li^>f -+-f h coT±5j*4flcolt^' 0 . 6 jaTCft a £ 

t ^wsjt^-a ( 1 ) - ( 5 ) <r>\vftitp> 1 ^laacoi* 

[0011] ( 7 ) fiJt%t\ C : 0 . 04 %iil±0 . 
3%HT» SitAl **fcJ45KJr*'&9h"CO . 5 
%Jil±3. 0%OT. Mn, Ni, Cr, Cu, Mo« 

i«*fe(4 2«ia±t-^-ro. 5%a±3. 5%ot 
. aat* 1 f e atPF ^w^m* *> 1 4 a & & x 5 
7 5r . mt & & xmwjM^wm l . «> l < a— m^ip 

BgCs 0. lX(Ac 3 -A Cl ) +Acj °Ciy,±Ac 
3+50 'ClilTcOSJST- 1 0 &~ 3 L tdiMz . 1 
— 1 0°C/^cO— < > iO.%mWS.X<5 5 0 — 70 O'CtOtEH 

co— j^aiffih^jsi-c-^aiL. 3\^m^x 1 0—2 0 

0°C/#V)-&?££P®,gT-2 0 0 — 32 0°C<7)-^iO 
ff ±«aS* T-^Bl L^a. 2 5 0-500 "CcOvajKtEH 
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x 1 5 2 o t , 4 "cxm-rt, zt* 

5^ btSitifC-f-M b£-£v^ <I<7)^-ftL* i Sr±.ffii; 

u 1 3 %a±»a®^--xf b£#t*sfs 

3mbcr>m.&ffiMX'fo<0. ffi-Xft^ h*«ffl» 
CC] fcMWC0^Mn^» {Mneq=Mn+ (Ni 
+Cr+Cu+Mo)/2} tiotSiiSI (M=6 
78-428X [C] - 33XMneq) £*7 0ULL2 

5oiy.TT\ *<io«itft=ffiss*'co%iHi oxixrco 

fm^^ttzm, 5 X 1 0 2 — 5 X 1 0 3 (1/s) 
SOS^SE^SjHT^ L7tB#<7) 3—10 %<7)fflS^^ffi 
Htfc S^jSTJW^ffi (7 d y n ( M P a ) j&^FSE 
fHi»5Xl 0" 4 ~5X 1 0" 3 ( 1/s ) co^ 
^3$^«HT«§iifc»e^6 13S 0 KifcteiJ W-4 ft* 
JETjTS (MPa) tCioT^^tLSsCcJdy ng 
0. 7 6 6xTS + 2 5 0*iPtM.-*-*ii:iWai:'^-4 

[0 0 12] (8) Nb, Ti , V<7) lffiXfi 2 «tLt 

( 7 ) im<m\mmmm^^&imm$WMM 

o) p^o. 2nm%vxrmz-%$s zbzmmb-t& 
(7) ttzte ( 8 ) ia«^«v^s^^ffist^wt--&ft 

[0013] (10) BSrO. 01 Mfi%I3lTIEt^tf 
£ t ZnWlb-th ( 7 ) — ( 9 ) cov^ft^ 1 HlBKco 

[0014] 

i^mm*&Wb%:&. 

[0015] ?&&mtt><m9&>mitk* c\cr>£o%$m 

-M b £#tf£ fc*«W£««RiR«tt**^M5fiflEi! 

£x«t lt, m^izmw^^fy^r^ htzxm- 
[0016] *wwzm&hwmm&ffit<m&. 



c : cj^-x^tM htssi-cgss-fbs-fr-caffs* 

S^CM^-Xft-f h*53B&flI(cJtIiW-Sftt> 

0. 0 411%*I<?)^{:ll 

»lWT0. 04M:%£TPSi bfc. — S". SiW<7) 

>f bfH*#3fM±tft0nU Sf^T-Xft^ b#«*£« 
SLooSgt-xft^ bo£5£tt£W£-r-g>£ 

nmm*is»r&wrt:t>-r* tm^m±mztt l 
xmmcm-nim-imm^ ti& t mz . »«tt ^asts 

i 3 t^rS7t«>C^iO±RB£' 0 . 3H%t Lfc. 
[0017] Al, Si : A 1 b S i HMzy^^-i b 
^mtimxh^. 7x7^ b*WP£iiflQ§-ei><r 

fcfc±^-ciitr<oiio:tt*i*i±s-fr4«*3&»»4. * 

fc. Al. S imz-txyfj hcr>£M$:nM-?&c\b 
7U*hLT(±. Al, SiPt, P^Cu, Cr, M 

«>H*5rf»*WB1#S*i.*. t^t^A^, Al is i 
co-M i>L< mXfico-SiW 0 . 5 S*%*»<Wft^tc 

fi-Jh co^mzm^mnzm^titz cco^< & 
mmoBximzti. ^wmz^^ms^-x^ 

^-xft -f h cDmmz&m&M^fttf±M£mxm 

co3kmzML%^tztbTmZO. 5li%tU. J 
fc, AltSi so-fflt L<li5R^r<^&fW I 3 . 0%^ 
jBi**^t(i, ttffit^S7i7>f bfcL<(i;Mt 

IZ^ 3. oa*%£±HftffifcLfc. 
[0 0 18] Mn, Ni, Cr, Cu, Mo : M n , N 

1, Cr, Cu, Moli^C^ft'f bS^tTC* 

*-^7C«-C*l>„ Wfc, JBJStt<0»S3&>6C^«Sliii» 
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flSaRfcjfflBROirrS ZklzX o-CMWK^-Xft 

f&si-rs. ic. ;ix^«7cs«A i , s i t*t7 

U&»U5r#6, £*l&*>tgSIW>18&L<W:2 

mxfohy^A ht>L<li^-fi->f hoHWMfcfcfB 
# , ^MK±#t: J: 4 ^JSK^Jgflii 5 BMP*- & 

*Bf3;*h<0_k#*JB<fctf>fc:, ±H£3. 5MM.%b 

[0 019] Nb, T i , V : s&gfcJEtTSsJn 
tSNb, Ti, Vtt, JK«K »fl5»&L<HJi»fll 

#4 i k tfltim^: < & 4 . 4 fc , fltfHfcO^jSt ± , #H 

f^i«L. C*»*-4ii:A>fe±R*0. 3fi*% 
k Lfc. 

[0020] P : Kfc, ^fcJE&Tifiinrt-fcPti, SS 

te*smi2b4j&*, o. 2**%&j»i-c»JnS*Lfc* 

46. 3&»oSB«35Bi*^ag«iajt<0±#*Hl»r*. H 
ifc*»<5>, 0. 2MM%% J t<D±mtLfz<, 

[0021] b : «ewfcystTaairriBtt % m 
^cmit^mm<nnmm.iuz^mx'\m 4 znmtu 
m**o . o i sa% *jh*. s k tr*» 

l&TZit&Zkfrl,. ±RB*0. oiii%tL/;„;): 
fc» *«hb#6<ioI» ■ flutes, 7nyMM h> 

ffliMAk U0%S1 0%lilT^SI5 

« i fc t\ k Lx<n^$mk<r>mb*w&-t& 



&^tj£. aw^jnms(c-5-i tifxhi^mmk vx 

[00 22 ] 4?t. 7nyW b'.* >"A— ^COflff^lg 

#»*f L . 4 0 3$ J2Lh<0 a v 4 

^B/i/CV^kfW). ©IRx^;U^— ^#:ct)^7 0% 
ULb&*. K»3ii52j-£^tBEItf>l 0%lilT^M^tSHI 

^ftiRIBoftfllt t-T, 1 0X£TFT« 

[0023] zcommmm^ 3 %~ 1 0 %^mmt> 

ffdyn (MPa)B, ^^M^WTOa^'fi 1 ^ 

4W^X(ltJo»ftWrgi3B>35ME ( 5 x l 0-'-5x l o 
-3 ( l/s ) »^iftK«H^asS*iife»«PSrgi3R l 5 

ISMtCfettSfi^JiE* : TS (MP a) ) 
T^^<^rS3i: tf-MmTh S.^t, 

( T S ) l wdyn £fifofl|tfj&sS4 L V \ ; 
flT". mz ffdynfiO, 766XTS + 250 ^0M« 

[0024] ?&®mt><nm. ■ «tf^»ss, h-u^ 

I5R 0 SME ( T S ) CWLT . odyn {iSBW^O 

>f b C C ] ( MM% ) t ««<7)¥±-fe)M n 

mi. lMneq=Mn+ (Ni+Cr + Cu+Mo)/ 
2} (**%) tioTSEflrf-iit^V^SnJt. 

MoOKaK*fflV^fcX«|WftJ:»?7j:5>f bCO ( 2 
00)1. (211) fflM'^-Xft^f bCO ( 2 0 
0)H. (220)1, ( 3 1 1 ) Hc7)»#Slt3ftR£ 
ffll^T. Journal of The Iron and Steel Institute, 206 
(1968) , P . 60fcjSS*Ut*ffifcTJtaj"CS 4 . *feBJl# 

t -> tz mm&m-> t> . ;*lt#*> *ut 

-^ft-f htf>^)BB» CC] fcitHfeUSonS^-cv^a 

fJffl^7C3R3&»i5>*«> 6*1.4 M n e q £fflWCfHt Stt 
4ffi(M=678-428X CC] -33XMneq) 

S (TS) fc*f LT±# =5: adyn tOWZ k WM.\ ^tz 



(6) 



1 1 - 1 0 0 6 3 5 



MC0±ESSr2 5 0 fc Lfc. 4£. M^70*ifO 

6*^.1 4: 1 0%^iEHT'^>¥ 

T S izM LTffdyniO. 766XTS+250 CDffl 
[0025] SBt£tt : ffi£§ft?Hi ■ fmLX*ffl&> 
, Hi£4 4 TDMEEg^BBS L , t> L < (4- S <%ffl 

x\ ^xmmm-r vmima, t-rt. z com . m 
mi±±if'<mi±m^i\:^^zx^xmt ar 3 $m 

iOtKLh"Cff 3 tf> aMRWC 4 # , a r 3 l o°C 
4S<>f:M hSBBBHMaBEEUik-fSifc-C, ^®B# 

[0026] ?«E«M«rt-4iRtc, mmmLt>m<7)it¥ 
rtJWci-otftjtiaKAc, m'ac 3 awe (Miif 

r i^iWfl¥j : W. C. Leslie! ^HffcltffiS 
IK. ASP 2 7 3, "£"HJg§:ft.& 0 . lX(Ac 3 -A 

ci ) +aci °c5ten«^t(4. ««i&[rc»£;h.4 

LtiSt-Xft^f h b ar^fcAfc, 

0. lx (Ac 3 -Ac, ) +A Cl °C£M$&flJK^T 
KfcLfc. i««S«A ! Ac 3 +5 0°CSriSi.Tt>M 

h«0±#*iB<fc*fc, *3S#fci&K<0±PS£Ac 3 +50 

*-xft-f h^com&corzMzMi&i omih&mT 

L#>U 3 ^T'lm^k&iffiQ-? 
XhT-y 7£ry£&& Ztfr$>* 3 ft£±JRk Liz . 
[0027] *^tfc0— &JfrSJI±t— X-r-M b3&»67 

«c#> 4 . i oftawR* 1 1 °c/^*m^-t ■§> <r t 

{4. £»£*7-f LfcO. *Sj£JK£*1#> 

fc. icoiWJBME^TRRSl'C/^fcUfc. 



°C*iif 4 tMf *xft« t „ tta&frfc^- 5 -f h L , 
5 0°C£TR6£ Lfc. Lj&»L=£**6, #SW7 0 0°CjH 

4 x Ltrfftotv&ip~> tzM^izit 7i50 zmomft 

t>H-frX'l$%^cDX'7 0 0°C£±pgfc US, 

[0028] 3\^m^nhtii>—ix^mcr>Mmi%m±. 

=5r S . II L . i coft&mm* 2 0 0 ■C/»iBtc^-S i fc 

t,zmmmij ±.mmx$> 4;tK. 10-200 x;* ^ 
0 o°c5^}S^*i^-«4. ^*HHfr^a-5Tv^*-^T"?- 

CSf^-^ft^f h%m&X%^WT2 0 0°C^T 
RK fc L tz . 4 . -^^fflff ifcitt*** 3 2 0 °CS^)^- 
(C{4. ft**e<J^f#^fL4^M««KjS^®filSa d y 

[00 29 ] «HR(fi{caff UTV^^-^t 1 ^^ 

tmntith wmz tih ma. <o m&xh h %^\z\± , 
«»?as 4 -cirasfc£ a 4 . i o t # w flD»ajg(4 5 °c/ 
5 0 °c/®<nmmx°foK\$m&wjM®L*m\Li* : * 
s >r t {4^ v ^ 4 fzmizr.<m^iW±M&^^ v 
»i?ajs4 "3 i©?s<50*^{4, h5aa?aK4f 

tiX%>. MWL<riMm%tt*mteZ-&t^. -77. A3 
«3&« 2 5 0 °CMMXU.n^fltzi^Z , 4 ?t 5 0 0 °C 

h&W«-CS5r^ifc3&»if>, ffiMS«^2 5 0°C 
— 5 0 0°Ci: Lfe. i«0f:#, 2 5 0t-5 0 0 t CW 
fi9Wl 5^}«T(4<^^-^ hSail^lMf^H^T* 

mzw^vcM^m&^-vj hsaiisWiBi se* 

-^ft^ b^JiSc^«rX : i-C^^*LTL4t\ 

ra^r 1 5»*»6 2 0*«0«Hfc L^o <-f-M 
{EJIfcS-tf-ifcftKff d 2 5 0°C~5 0 0°C««S(4, W 
&Z'<7)UftX'fo'>Xi>. 4/S(4. i^SIEHT-^fLjf 

£-£&£fci43r^ 
[0030] 
[Utt^J] 



(7) 



1 1 - 1 0 0 6 3 5 



immm i ] m. i tz^t 2 5«a^o«w* 1 2 0 o°c^ 
JW&U Ar 3 ^sasa±T«s^^TL, 

%^t3m*WB&fc. J^IUl. OmmJSt ^ 
COf^ #WO|j!<;^ i ^Ac 1 = 7 2 3- 1 0. 7XMn 
%-16. 9XNi%+29. 1XS1%+16. 9X 
Cr, Ac 3 =910-203X (C%) ^ -15. 
2xNi%+44. 7 x S i %+ 1 04 xV%+3 1 . 
5XMo%-30XMn%-llxCr%-20XCu 
%+700XP%+400XAl%+400XTi%. 
t'l+m^^Ac! ^ffi^StAcg ^OySJg^ttJt 
Sft-SiSS (A Cl +Ac 3 ) /2tC9 0#«L, 5 
°C/®X*6 7 0 o CfC-^aL^Sl 0 0°C/#T-3 0 0 

"CiT^aiU BM^fiH 0 o'ccs^co^^-^ 

-fhtztbiz 1 7 o°cx 2 Qftnmm^z'ii^tz'mzMW 

IWI^dyniMO. 7 66XTS+2 5 
0 ) 13l±TS)^^i:*^3&^„ 

4tSt. P2»0Ac 1 , Ac 3 SKI*SJg(±74 2, 
8 4 8 °C fc ItJt § *Lfc . £9&HK£IK£ft 1 . 0 mm/? * 



[0031] No. 1 iiM^B^^BJMH^T";?) 

'XmRcomwyt-XT-i-A htmhtix^^w t 
t no. 2 (4— ^aico^aif?±?aK^' 5 0 0 t * 

fc. No. 3(i^^^ffliIiS^%0^hT'-25^^ 
h««flfeWiJS$*rCV*CrV\, 4fcNo. 4ii~ 

t§tv^i\ No. nt^-rA h3mmsm& 

h0Hlflb5*ai*TVvSrO. No. 8 t±^iJG&SI<9f|SitiB 
niif^Wl^^ IC, No. 9X1,3.. MMiSJKSr 

^xn^x^wmmxh o . tt^Mfefl 1 ***^^ 

(BHII: 1 7 0°CX 2 04h7)3feHjg) ^>*#S 
[0032] 

[*1 ] 



( 8 ) ffH^P 1 1 - 1 0 0 6 3 5 







mm 


C 


Si 


Mn 


P 


s 


A! 


N 


Ni 


Cr 


Cu 


Mo 


Nb 


Ti 


V 


B 


PI 


0.05 


1.20 


1.50 


0.01 0 


0.003 


0.040 


0.003 




















P2 


0.12 


1 .20 


1.50 


0.012 


0.005 


0.050 


0.002 




















P3 


0.20 


i .20 


1.50 


0.008 


0.002 


0.040 


0.003 




















P4 


0.26 


1 .20 


1.50 


0.007 


0.003 


0.050 


0.002 




















P5 


0.12 


2.00 


0.50 


0.008 


0.003 


0.040 


0.003 


0.8 


















P6 


0.12 


1 .80 


0.15 


0.007 


0.002 


0.030 


0.003 




1.8 
















P7 


0.12 


1 .20 


1.00 


0.013 


0.003 


0.050 


0.002 






0.6 














P8 


0.12 


1 .20 


0.15 


0.012 


0.005 


0.040 


0.003 


1.5 






0.2 












P9 


0.12 


1.20 


1.20 


0.010 


0.003 


0.040 


0.003 




2.0 
















P10 


0.10 


0.50 


1.50 


0.013 


0.005 


1.200 


0.002 




















P11 


0.14 


0.01 


1.50 


0.012 


0.003 


1.500 


0.002 




















P12 


0,25 


1.50 


2.00 


D.012 


0.005 


0.040 


0.002 
















0.002 




PI 3 


0,15 


1.00 


1.70 


0.100 


0.003 


0.050 


0.003 




















P14 


0-10 


1.20 


1.50 


0.008 


0.003 


0.040 


0.003 










0.01 










P15 


0.10 


1.20 


1.50 


0,008 


0.003 


0.040 


0.003 












0.02 








PI 5 


0.10 


1.20 


1.50 


0.008 


0.003 


0.040 


0.003 










0.02 




0.01 






C1 


0 02 


1 .20 


1.50 


0.01 0 


0,003 


0.040 


O.003 


















Mm 


C2 


0.35 


1.00 


1.20 


0.008 


0.002 


0.050 


0.003 


















ttmm 


C3 


0.12 


Q,2Q 


1.50 


0.010 


0.003 


0.040 


0.002 




















04 


0.12 


3.50 


1.50 


0.010 


0.003 


0.050 


0.003 


















fettM 


C5 


0.10 


1.50 


1.50 


0.250 


0.003 


0.040 


0.003 




















C6 


0.12 


1.20 


1.50 


0,010 


0.003 


0.040 


0.003 
















0.012 




C7 


0.10 


1.20 


1.50 


0.010 


0.003 


0.040 


0.003 


1A 




10 














C8 


0.12 


1.50 


0.10 


0,010 


0.002 


0.050 


0.003 


02 


















C9 


0.12 


1.20 


1.50 


0.010 


0.002 


0.040 


0.003 










0.20 


0,15 









[0033] 



[*2] 



(9) 



f*!B¥ 1 1 - 1 0 0 6 3 5 



No 






rf 

(WW 


Mftf 


(*) 






Vg5/Vg0 


(MPa) 


cr dyn 
(MPa) 


* 1 


£8 


1 


P1 




3.7 


76.8 


5 




2.6 


0 + 69 


564 


705 


23 




2 


P2 




8.9 


117.3 


5 




4.2 


0.47 


638 


775 


36 




3 


P3 


^x^h 


14.2 


112.7 


5 




7.2 


0.51 


821 


891 


12 




4 


P4 




17.2 


132.1 


5 




5.8 


0.34 


929 


990 


28 




5 


P5 




B.I 


185.1 


5 




2.6 


032 


665 


813 


54 




6 


PS 




9.4 


171.3 


5 




3.0 


0.32 


671 


821 


57 




7 


P7 


3?x^h 


7.9 




5 




3.4 


0.43 


649 


759 


12 




8 


P3 


7x^Yh 


10 5 


205.5 


5 




30 


029 


712 


839 


44 




9 


pg 




10.2 


160.4 


5 




3.3 


0.32 


722 


837 


34 




10 


P10 




7.1 


129.1 


5 




2.6 


0.37 


589 


732 


31 


xnwm 


11 


P11 




B.9 


131.4 


5 




3.2 


0.36 


603 


759 


47 




12 


P12 




169 


163.7 


5 




5.9 


035 


1168 


1172 


27 




13 


P13 




120 


99. B 


5 




5.2 


0.43 


7B4 


867 


*6 




14 


PI 4 




7.0 


158.6 


5 




2.5 


0.36 


672 


801 


36 




15 


P15 




5.8 


100.B 


5 




2.7 


0.47 


6B1 


794 


22 




16 


P16 




6.1 


1 19.B 


5 




2.7 


0.44 


692 


804 


24 




17 


C1 




oo 


- 


5 




O0 


- 


502 


589 


-46 


hfcfic« 


16 


C2 




15.7 


30.6 


5 




8.0 


0.51 


1 130 


1028 


z88 


ll ±+rat 


19 


C3 


^x^-Th 


00 




5 




OX) 




562 


622 






20 


C4 




81 


37,9 


5 


c^risjmw 


3.7 


0.46 


859 


869 




fct&tt 


21 


C5 


7x^-f h 


6.3 


25.0 


5 




Li 


0.33 


856 


862 


-44 




22 


C6 




5.1 


59.3 


5 




JL& 


0.36 


721 


770 


-32 


ttmm 


23 


CI 


^x^-fh 


7.0 


9.4 


5 




Li 


0.27 


889 


889 


-42 


tt«t« 


24 


C8 








5 




0.0 




520 


620 


-28 




25 


C9 




8,2 


264.7 


5 




3.0 


0.37 


749 


791 


-33 





* 1 : <rd/n-(0.766 x TS+250) 



[0034] [«3] 



Nd 


ft 


Acl 


Ac3 


tftttJfef* 


8»rt 

(Vr0%) 


dg/df 
(*2) 


Mtt 














MHHQJ1 


1 


P2 


742 


B4B 


750 


90 


5 


670 


100 


300 


300 




0.2 


J 57.7 
2Q1 


2 


800 


90 


5 


500 


too 


300 


300 






3 
4 
5 
6 

7 

a 


670 


5 


300 


300 


Li 


0.2 


100 


150 


300 








250 


400 


7.1 


0 3 


123.5 


300 


400 


8.2 


0.3 


97.8 


300 


£53 


&o 






m 


400 


6.8 


04 




9 




90 


5 


670 


100 


400 


400 


7.3 




50.7 


10 

ii 

12 
13 
14 
15 
16 
17 
19 
19 


800 


90 


5 


670 


100 


300 


400 


6.2 


0.3 


97.8 
978 
97.8 
97.8 
97.8 
97.8 
97.8 
97.B 
97.B 
97.8 



* 1 : crdyn-C0.766 X TS+250) 



[00 3 5] 



[«4] 



(10) 



1 1 - 1 0 0 6 3 5 



m. 3 o ^ s 



No 








f!Br{V«%) 


Vg/VgO 


CMPa) 


cr dyn 
(MPa) 


* 1 


ua 


1 


5 


C^fo]*tt?l?I 




L3 


0.51 


621 


664 






2 












642 


693 




1-1- 1A <TU 


3 








0.5 


0.44 


644 


68 ( 


















783 


835 


i r 


ixtxtfl 


5 








3 6 


0.51 


664 


793 


34 


JCjt qfi /of 


6 








3.7 


0.45 


643 


8 I O 






7 












628 


669 


z!2 


LU tA /tH 


8 








4.6 


0.67 


648 


721 


z23 




9 


5 


C^fS]*W5l?I 




4.1 


0.53 


672 


734 


zil 


1L. *iV /rV 


10 


1 


C^fS]*tt?|?S 




6.0 


0.73 


643 


765 


22 




1 1 






JUL 


6.0 


0.73 


643 


760 


1 7 


-4- Jf* DfJ /of 


1 2 


5 




-fc- * 1 


J. / 


U.4D 


K A T 

Oh J 


a 1 ft 


7^ 
r *j 


i. £f flH /a 


13 








3,7 


0.45 


643 


802 


59 




14 


10 






3.1 


0.38 


643 


832 


89 




15 






mL 


3.1 


0.38 


643 


821 


78 




16 


5 


L^isuna?i?i 




3.8 


0.46 


643 


789 


46 




17 








3.6 


0.44 


643 


768 


25 




18 








3.5 


0.43 


643 


792 


49 




19 








3.9 


0.48 


643 


81 1 


68 





[0036] 



[Hi] *f&Hatts{t4, »^««wx^df-i©iR 

ig^MTfeS. 5X 1 0 2 — 5 x 1 0 3 (l/s)» 



[HI ] 




400 



U)0 



600 



600 1000 
TS/MPa 



1200 



